Objective To investigate predictors and moderators of outcome of behavioral parent training (BPT) as adjunct to ongoing routine clinical care (RCC), versus RCC alone. Methods We randomly assigned 94 referred children (4-12 years) with attention-deficit/hyperactivity disorder (ADHD) to BPT plus RCC or RCC alone. Outcome was based on parent-reported behavioral problems and ADHD symptoms. Predictor/moderator variables included children's IQ, age, and comorbidity profile, and maternal ADHD, depression, and parenting self-efficacy. Results Superior BPT treatment effects on behavioral problems and ADHD symptoms were present in children with no or single-type comorbidity-anxiety/depression or oppositional defiant disorder (ODD)/conduct disorder (CD)-and when mothers had high parenting self-efficacy, but absent in children with broad comorbidity (anxiety/depression and ODD/CD) and when mothers had low parenting self-efficacy. In older children ADHD symptoms tended to decrease more through BPT than in younger children. Conclusions Adjunctive BPT is most useful when mothers have high parenting self-efficacy and in children with no or single-type comorbidity.
Introduction
Although the efficacy of behavioral parent training (BPT) as a treatment for children with attention-deficit/hyperactivity disorder (ADHD) is well established (Pelham, Wheeler, & Chronis, 1998; Pelham, & Fabiano, 2008) and has been shown across various studies (see for an overview Pelham & Fabiano, 2008) , there remains great variability in the degree in which children with ADHD improve through behavioral treatments. A better understanding of which patients can be expected to respond to treatments in general (i.e., identification of predictor variables; Kraemer, Wilson, Fairburn, & Agras, 2002) , and which patients would be more likely to respond superiorly to one treatment over another (i.e., identification of moderator variables; Kraemer et al., 2002) allows clinicians a more tailored choice of treatments.
We recently investigated the effectiveness of a 12-session BPT group program targeting both behavioral problems and ADHD symptoms (Van den Hoofdakker et al., 2007) . The BPT was offered adjunctive to ongoing routine clinical care (RCC), and proved to be superior in reducing behavioral (oppositional) problems compared to treatment with ongoing RCC alone, while ADHD symptoms decreased over time regardless of treatment group. Children's medication status at baseline did not affect outcome. Also, treatment allocation did not appear to affect medication status post-treatment, other than that children allocated to RCC alone were more likely to receive polypharmaceutical treatment.
The aim of the present study was to explore the relation between a number of child and maternal variables and outcome of our published BPT study. In the current study, we examined three child variables: comorbidity, IQ, and age; and three maternal variables: maternal ADHD, depression, and parenting self-efficacy.
Moderator analyses in clinical trials are likely to be hypothesis generating rather than hypothesis testing, and may provide information that is especially crucial in bridging the gap between research and clinical practice (Hinshaw, 2007) . Therefore, we did not specify any hypotheses with regard to the strength or the direction of the effect of the predictor and moderator variables. The available empirical evidence for the influence of predictor and moderator variables was mainly derived from the MTA study (see for an overview Hinshaw, 2007) . The MTA study as a formal clinical trial differs from our study in three important ways: first, the BPT we investigated was given in clinical practice in addition to ongoing clinical care (including pharmacotherapy), rather than concomitantly; second, BPT was delivered in a format that was far less intensive and rigorous than the behavioral treatment in the MTA study; and third, parents who preferred behavioral treatment over medication as a first intervention could also participate in the study. These characteristics are quite common in clinical practice (Anastopoulos & Farley, 2003; Biederman & Faraone, 2005) .
Regarding the first child variable, comorbidity, the MTA study had shown that children with broad comorbidity-ADHD with anxiety disorder and oppositional defiant disorder (ODD) or conduct disorder (CD)-responded generally worse to the MTA treatments, compared to children without comorbidity and children with singletype comorbidity-children with ADHD and ODD/CD, and children with ADHD and anxiety disorder. Furthermore, children with broad comorbidity responded most optimally to the combined psychopharmacological and behavioral treatment, whereas in children without or with single-type comorbidity no additional effect of behavioral treatment over medication alone was apparent (Jensen et al., 2001) .
The available literature with respect to the predictive and moderating value of IQ is inconclusive. In the MTA study, no moderating effects of IQ were found with regard to the behavioral treatment arm and the community care condition (Owens et al., 2003) . In the medication management and combined treatment groups, however, below-average IQ was associated with a less favorable treatment response, but only if parental depressive symptoms and high levels of baseline severity of the child's ADHD were present. In methylphenidate studies in children with ADHD, an overall association between IQ and treatment response is not evident (Gray & Kagan, 2000) . However, Van der Oord (2008) examined the role of IQ in treatment outcome of methylphenidate treatment and multimodal behavior therapy and concluded that children with higher IQ respond better to both treatment modalities.
The influence of children's age has, to our knowledge, not directly been studied in behavioral treatment studies in children with ADHD. This may be due to the fact that most of the studies on ADHD included subjects with small age ranges (e.g., the MTA study had an age range of 7.0-9.9 years). However, children's age may be a variable of interest, given the changing nature of parenting with increasing age of the child.
Previous findings have shown that maternal factors clearly influence response to ADHD treatments. High levels of maternal ADHD have been found to be strongly associated with limited improvement of ADHD symptoms after BPT in preschool children with ADHD (Sonuga-Barke, Daley, & Thompson, 2002) . Findings from the MTA study (Owens et al., 2003) indicate that high levels of maternal depression are associated with decreased response rates across treatment modalities. Also in children with ODD and CD, maternal depression is a well-known predictor of worse treatment response (e.g., Webster-Stratton & Hammond, 1990) , and a salient factor in lowering BPT outcome (Reyno & McGrath, 2006) .
The last maternal factor, parenting self-efficacy, has been examined in only one study, by Hoza et al. (2000) using a subsample of participants in the MTA study. Contrary to their expectations, they found maternal parenting self-efficacy, defined as the degree to which parents perceive themselves as competent for their parenting role, not to be associated with treatment outcome in all MTA treatment conditions.
Methods Participants
The sample consisted of 94 children with ADHD and their parents who had been referred to an outpatient mental health clinic. They all had participated in a randomized controlled study in which the effectiveness of BPT as an adjunct to ongoing RCC had been demonstrated ( Van den Hoofdakker et al., 2007) . After written informed consent from the parents and parental agreement to participate in BPT, subjects were randomly assigned (randomized block-design) to one of the two treatment conditions: BPT plus RCC (n ¼ 47), or RCC alone (n ¼ 47). Parents in the latter condition were placed on a waiting list for BPT.
After a first routine diagnostic evaluation conducted by a child psychiatrist or a supervised trainee, psychoeducation and family support were offered routinely and medication treatment was applied where appropriate. If parents still reported behavioral problems, they were asked to participate in the BPT treatment study. For eligibility, children had to meet DSM-IV criteria (American Psychiatric Association, 1994) for ADHD, as assessed by the Dutch parent version of the Diagnostic Interview Schedule for Children (DISC)-IV (Shaffer, Fisher, Lucas, Dulcan, & Schwab-Stone, 2000) . To fulfil DSM-IV criteria for ADHD, the DISC-IV algorithm requires evidence of cross-situationality of symptoms. Other inclusion criteria were a full-scale IQ >80, age 4-12 years, and willingness of both parents (if present) to actively participate in the BPT program.
A total of 162 families showed their initial interest to participate in the study. Of these 162 families, 27 were not able to organize BPT, 18 families refused to participate in a group treatment, 3 families were interested in group BPT, but refused to participate in the study, 16 families did not meet inclusion criteria, and 2 families dropped out before start of the BPT due to urgent problems requiring immediate treatment. Child and family characteristics are presented in Table I .
Measures

Measurement of Treatment Outcome
Behavioral problems were assessed with the Externalizing scale of the Child Behavior Checklist (CBCL; Achenbach, 1991) ; ADHD symptoms with the ADHD Index, a subscale of the Conners' Parent Rating Scale-Revised: Short Form (CPRS-R:S; Conners, 2001) . Both measures have wellestablished reliability and validity (Achenbach, 1991; Conners, 2001) . Scores were collected at T1, directly before the start of the BPT or continued RCC, and again directly after the BPT or ongoing RCC (T2), approximately 20 weeks after T1.
Predictor and/or Moderator Variables
Assessment of predictor and moderator variables took place at T1, except for IQ and comorbidity, which had already been assessed when recruiting the patients.
Child variables included comorbidity profile, IQ, and age. Comorbidity was assessed by the parent version of the DISC-IV (Shaffer et al., 2000) .With regard to comorbidity profile children were divided into two groups: those with both externalizing disorder (ODD and/or CD) and internalizing disorder (anxiety disorder and/or depression) versus all other children (i.e., those without comorbidity, or those with either internalizing disorder or externalizing disorder), referred to as children with broad comorbidity versus those without or with single-type comorbidity. Assessed by the parent version of the DISC-IV (Shaffer et al., 2000) . In accordance with the classification in categories used by the Multimodal Treatment Study of Children With ADHD (Jensen et al., 2001 To assess maternal variables, three instruments were used: the Adult ADHD Rating Scale (AARS; (Barkley & Murphey, 1998) , the General Health Questionnaire 12 (GHQ-12; Goldberg, 1972) , and the Competence subscale of the Parenting Stress Index (PSI; Abidin, 1983) .
The AARS is an 18-item adult self-report measure of ADHD symptoms, covering attentional problems, hyperactivity, and impulsiveness. Ratings are on a 4-point scale ranging from 0 ¼ rarely to 3 ¼ very often. The AARS has good internal consistency and has been shown to predict concurrent ratings provided by parents and cohabiting partners (Murphy & Schachar, 2000) .
The GHQ-12 is a self-report, 12-item questionnaire that identifies individuals who are at risk of mental problems, in particular regarding depression. Each item refers to actual symptoms and behaviors or symptoms of the previous weeks and is rated on a 4-point scale, ranging from 0 ¼ less than usual to 3 ¼ much more than usual. The GHQ-12 has excellent internal consistency and construct validity in terms of distinguishing between groups with measured health differences (McCabe, Thomas, Brazier, & Coleman, 1996) .
The PSI Competence subscale measures the degree to which parents perceive themselves as capable for their parenting role, with high scores indicating low parenting self-efficacy. The subscale contains 13 items with statements with respect to parenting; parents rate each item on a 6-point scale, ranging from 1 ¼ strongly disagree to 6 ¼ strongly agree. The PSI has been found to have good internal consistency, test-retest reliability, and validity, with subscales being supported by factor analyses (Abidin, 1983) . Table II shows means and standard deviations for the outcome and predictor/moderator variables in both treatment groups at T1 along with results of betweengroup univariate analyses of variance (ANOVAs).
As shown in Table II , no statistically significant differences between the two treatment arms were present with respect to the outcome and predictor/moderator variables at T1, although it should be noted that the two groups near-significantly differed in baseline maternal parenting self-efficacy. Self-efficacy scores in the BPT plus RCC group tended to be higher than in the RCC-alone group, indicating lower self-efficacy in mothers allocated to BPT plus RCC.
Treatments BPT. The manualized BPT program was delivered at the mental health outpatient clinic to which the children had been referred and consisted of twelve sessions group training (2 hr per session), spread over 20 weeks. The groups consisted of 6 children's parents and were lead by 2 psychologists who had received extensive post-graduate training in behavior therapy, as well as additional training in the BPT program. The therapists were experienced in administering the BPT program before becoming involved in the study.
The BPT program was based on the programs of Barkley (1987) and Forehand and Mc Mahon (1981) . The parenting skills dealt with in the program were: structuring the environment, setting rules, giving instructions, anticipating misbehaviors, communicating, reinforcing positive behavior, ignoring, employing punishment, and implementing token systems. Psycho-education and cognitive restructuring of parental cognitions were important elements of the training as well. A more detailed description of the BPT manual can be obtained from the first author. Problem behaviors that were addressed in the training were individualized for each child, as were most of the homework assignments. All homework assignments were tailored to the specific target behavior problems of each child.
During the study, the BPT therapists and researchers met every 2 weeks to monitor treatment integrity. Furthermore, the therapists completed a treatment integrity checklist after each BPT session in which they were asked which topics had been covered. Uncovered topics were rescheduled for the next session. RCC. The RCC was uncontrolled and delivered in a naturalistic way, without restrictions for the child psychiatrists regarding interventions (psychopharmacological treatments included). The psychiatrists were not blinded to the treatment condition and were instructed to provide care as usual. This included supportive counseling, psycho-education, advice with respect to behavioral management, pharmacotherapy, and crisis management whenever necessary. Contacts could be by telephone or by face-to-face appointments. Parents were free to get in touch with their child psychiatrist whenever they felt this was necessary. For children on medication, routine medication check-ups were usually scheduled every 3-6 months.
Statistical Analyses
Subjects were analyzed on an intention to treat basis. In 10 subjects data at T2 were partially missing, distributed approximately equally between both study conditions. We used the last observation carried forward technique to replace the missing data.
We did all analyses separately for behavioral problems (as measured with the CBCL Externalizing) and ADHD symptoms (as measured with the ADHD Index) as dependent variables. We assessed overall treatment effectiveness with repeated measures ANOVA. To examine main effects of comorbidity, repeated measures ANOVAs were carried out, with comorbidity group included as between-subject factor. We analyzed interaction effects between comorbidity and treatment group in repeated measures ANOVAs, in which both comorbidity group and treatment group served as between-subject factors.
The predictor/moderator analyses of IQ, age, maternal ADHD, maternal depression, and maternal parenting selfefficacy were conducted with linear multiple regression analyses. In the first set of analyses, the T2 CBCL Externalizing served as the dependent variable, while controlling for initial differences in severity of behavioral problems and treatment effects, by entering the T1 CBCL Externalizing score and treatment modality into the model. First, the candidate predictors were entered to test for main effects of these variables on outcome, that is, the child predictors IQ and age, and the maternal variables ADHD, depression, and parenting self-efficacy, respectively (models 1). Subsequently, the moderating effects of the variables on treatment outcome were analyzed, by adding two-way interaction variables of treatment group Â moderator variable (models 2). Following the procedure as described in Jaccard and Turrisi (2003) and Jaccard et al. (2006) the scores on the moderator variables were centered, and treatment group was dummy-coded (i.e., 0 ¼ RCC alone and 1 ¼ RCC plus BPT). The second set of analyses was carried out equally. In these analyses the T2 ADHD Index served as the dependent variable, while controlling for initial differences in severity of ADHD symptoms.
We used an alpha level of .05 for all main effects. In the interaction analyses we considered p levels between .05 and .10 as indicating trend-level significance, given the relatively low power of the analyses of interaction effects and taking the risk of a type II error into account. In the case of significant or trend-level significant interaction effects between treatment and moderator variable, we divided the moderator variable in two groups (high and low scores), by using a median split. Subsequently, we investigated the direction of the interaction effect by means of repeated measures ANOVAs in these groups separately.
Results
Overall Treatment Effectiveness
In line with our previous findings ( Van den Hoofdakker et al., 2007) , mean scores on the CBCL Externalizing decreased significantly from T1 to T2, but significantly more so in the group receiving BPT plus RCC (time Â group effect: F (1, 92) ¼ 5.498, p ¼ .021), thus indicating the effectiveness of adjunctive BPT when compared to RCC alone in reducing behavioral problems. Mean scores on the ADHD Index decreased significantly from T1 to T2 as well, however, as had been shown in our previous study (Van den Hoofdakker et al., 2007) , no differences between the two treatment arms were present: F (1, 92) ¼ 1.996, p ¼ .161, indicating no overall additional value of BPT in reducing ADHD symptoms when compared to RCC alone.
Influence of Comorbidity on Treatment Outcome
In the repeated measures ANOVAs with comorbidity as between subject, no predictive effects were present 
Influence of Children's IQ and Age on Treatment Outcome
The main results of the regression analysis with age and IQ as predictor variables are presented in Table III . These findings indicate that no predictive or moderating effects on both outcome measures were present with respect to children's IQ. Regarding children's age, no predictive effects on both outcome measures were apparent, and no moderating effect on the CBCL Externalizing either. However, a trend-level statistically significant interaction effect between age and treatment was present with respect to behavioral problems. Older children demonstrated more favorable effects of BPT plus RCC over RCC alone [F (1, 45 Influence of Maternal ADHD, Depression, and Parenting Self-Efficacy on Treatment Outcome
The main results of the regression analysis with maternal ADHD, depression, and parenting self-efficacy as predictor/moderator variables are presented in Table IV . These findings indicate that there were no predictive effects of maternal ADHD, depression, and self-efficacy on both outcome measures. Furthermore, no association between maternal ADHD and maternal depression and treatment response on any of the outcome measures was demonstrated. However, maternal parenting self-efficacy moderated treatment success. This effect was present in both outcome measures, indicating that maternal self-efficacy plays a moderating role in the decrease of both behavioral problems and ADHD symptoms. The direction of these effects was similar across both outcome domains.
Children from mothers with high parenting self-efficacy responded better to BPT plus RCC compared to RCC alone [CBCL Externalizing:
, while in children from mothers with low parenting self-efficacy this superior effect of BPT plus RCC could not be demonstrated [CBCL Externalizing:
Discussion
In the present study we explored the predictive and moderating effects of a number of child and maternal variables on response to BPT delivered as an adjunct to RCC versus RCC alone, targeting behavioral problems and ADHD symptoms. As recently demonstrated (Van den Hoofdakker et al., 2007) BPT plus RCC was superior in reducing behavioral problems compared to treatment with ongoing RCC alone, while ADHD symptoms decreased over time regardless of treatment group. We first looked at child variables, and found no role for the presence or absence of broad comorbidity as a general predictor of treatment response. However, comorbidity profile appeared to have a moderating effect on treatment outcome: children with no or only single-type comorbidity responded more favorably to BPT as an adjunct to RCC, compared to RCC alone, whereas in children with broad comorbidity no differences in treatment effects were present. These moderating effects of comorbidity were not only demonstrated with respect to behavioral problems, but also with respect to ADHD symptoms. In the MTA study (Jensen et al., 2001) , presence of broad comorbidity was associated with an overall worse short-term treatment outcome as well. Perhaps, children with broad comorbidity need more intensive and rigorous treatments than the RCC and adjunctive BPT as offered in our study. This points to an important potential direction for future treatment development and evaluation.
Children's age played only a trend-level significant moderating role in determining treatment effects on ADHD symptoms; in older children ADHD symptoms appeared to decrease more through adjunctive BPT than in younger children. Apparently, in older children more improvement can be achieved through changes in parenting. This may be explained by the changing nature of parenting with increasing age of the child. In younger children parenting behaviors may be more similar to the parenting skills that are acquired in BPT, whereas in older children the BPT parenting skills may be more different. To our knowledge, the only other available study (in children with disruptive behavior problems; Dishion et al., 1992) Behavioral Parent Training 323
did not find an association between age and parent training outcome. Future studies in children with broad age ranges are warranted to replicate and clarify our findings. Previous findings regarding IQ had been equivocal, and in the present study no predictive or moderating role for IQ (ranging from 80 to 125) appeared to be present. However, given that children with IQ's <80 were excluded from our study, the generalizability of this finding is limited.
Regarding maternal variables, none of these appeared to serve a role as predictor of treatment outcome. Parenting self-efficacy, however, moderated treatment response: in mothers with more positive cognitions about their parenting capabilities, superior treatment effects of BPT plus RCC, compared to RCC alone, were present on both outcome measures, while these differences in treatment effects were absent in mothers who perceived themselves as incapable as a parent. This suggests that maternal cognitions with respect to parenting self-efficacy do play a role in treatment success, in contrast to the unexpected findings of Hoza et al. (2000) who found maternal parenting self-efficacy not to be associated with treatment response. Various other studies have shown strong associations between parenting self-efficacy and parenting behaviors that promote positive and adaptive child development (see for review, Jones & Prinz, 2005) . Furthermore, one study (Spoth & Conroy, 1993 ) demonstrated that parenting self-efficacy in mothers was associated with more awareness of opportunities to educate oneself about parenting. The latter study suggests that mothers with positive cognitions about their parenting role may be more able to benefit from BPT, given that they are more open to advice. This openness may enable them to change their parenting behaviors more easily, which in turn may facilitate changes in children's behaviors. In future studies, it will be important to explore these possible pathways of behavioral change in children and to examine whether variables, such as parental self-efficacy and susceptibility to advice, play mediating roles in treatment outcome. For such studies, measures of changes in parenting behaviors should be obtained.
A somewhat unexpected finding was the absence of a moderating effect of maternal depression, in contrast to various other studies in which high levels of maternal depression were found to have a negative influence on treatment outcome in general, and BPT outcome in particular (see for review, Chronis, Chacko, Fabiano, Wymbs, & Pelham, 2004) . One advantage of our study, however, may have been that we examined the role of both depression and parenting self-efficacy in one analysis, which enabled us to disentangle the contrasting effects of these factors. In contrast to depression, self-efficacy appeared to moderate treatment response.
Also contrary to our expectations, maternal ADHD was not a moderator of treatment outcome. In the study of Sonuga-Barke et al. (2002) maternal ADHD was clearly associated with less effect of BPT. However, the mothers in the Sonuga-Barke sample received BPT immediately after recruitment and inclusion in the study, while the parents in our sample received BPT as an adjunct to ongoing RCC. Also, mothers in the Sonuga-Barke sample may have had higher levels of ADHD (mean score on the AARS was 13.3, compared to 10.5 in our sample). Mothers with high levels of ADHD may have been less represented in our study. They may have terminated their RCC contacts with their clinicians at an early stage, perhaps due to organizational problems. Finally, it should be mentioned that the SonugaBarke sample consisted of preschoolers, whereas our sample concerned older children.
One of the intriguing findings of our study was the identification of a number of factors moderating favorable BPT treatment effects on ADHD symptoms in the absence of an overall treatment effect for ADHD symptoms, that is, no or single-type comorbidity, higher maternal parenting self-efficacy, and older patient's age. This actually illustrates the value of investigating treatment moderators even if overall treatment effects are not present. Findings suggest that BPT treatment may still be of value with regard to ADHD symptoms for subgroups of patients.
Some limitations of this study need to be considered. First, even if we investigated BPT treatment as adjunct to possible pharmacotherapy, many children may not have been properly medicated. While it would certainly be worthwhile for future studies to investigate the effectiveness of BPT after optimal medication regime, the design of the present study may have more ecological validity.
Second, our sample size limited the statistical power. Some of the negative findings, that is, the absence of a predictive or moderating value of maternal ADHD and maternal depression, should be viewed from that perspective. A larger sample size would also shed more light on the trend-level findings regarding the effects of comorbidity on decrease of behavioral problems and of children's age on decrease of ADHD symptoms. We also acknowledge that we did not investigate the possible role of several variables, such as ethnicity, maternal education, receipt of public assistance, parental substance abuse, and marital problems. In other studies these factors have been identified as moderators of non-adjunctive treatment response (Chronis et al., 2004; Owens et al., 2003; Rieppi et al., 2002) . Sample size and sample characteristics (e.g., the large proportion of Caucasian participants) limited the number and type of variables that could be selected for the present study. Finally, it should be acknowledged that all outcome data were from a single source, the mother.
In conclusion, the results of this study demonstrate that comorbidity profiles in children with ADHD have an important impact on treatment outcome of adjunctive BPT in clinical care. Therefore, comorbidity profiles in children with ADHD should be taken into account, when deciding which treatments to add to regular care. Actually, children with ADHD only, children with ADHD and anxiety/ depression, and children with ADHD and ODD/CD profit well from adjunctive BPT. Conversely, for children with broad comorbidity other treatments may be indicated. Whether a more individualized or a more intensive behavioral approach would enhance treatment effectiveness in children with broad comorbidity deserves to be investigated.
Maternal parenting self-efficacy is a second important moderator of treatment success. In children of mothers with positive cognitions about their parenting capabilities, adjunctive BPT has an additional value, compared to RCC alone. For mothers who perceive themselves as incapable for their parenting role, RCC alone is as effective. Clinicians could consider to first target the low parenting self-efficacy of these mothers before starting BPT.
